Introduction
The increasing prevalence of childhood obesity throughout the past two decades has been emphasized in many Western countries. In 1998, the World Health Organization 1 recognized obesity as a major public health epidemy worldwide, in developed as well as in some developing countries. 2 In the UK, the prevalence of overweight in children was 14.7% in 1989 and 23.6% in 1998, while that of obesity increased from 5.4 to 9.2% during this period. 3 Between 1975 and 1995, the prevalence of overweight rose from 10.0 to 16.3% in German boys, and from 11.7 to 20.7% in German girls. 4 Between 1963 and 1991, the prevalence of overweight increased from 15 to 22.5% in 6 -11-y-old North American children, while that of obesity increased from 5 to 11%. 5 These figures are not directly comparable because they are based on different references to define overweight and obesity and therefore on various cut-off values, but they all show an increase in the prevalence of overweight and obesity in these countries.
Recently, the National Programme on Nutrition and Health has been announced in France by the Ministry of Health. One of its main objectives is to stop the increase of childhood obesity in a period of 5 y. During this period, various public health actions regarding the improvement of dietary habits and physical activity in children will be implemented. The evaluation of results should be done by setting up a systematic survey of the population over the following years. Few studies have been conducted previously in France on the frequency of childhood obesity, and recent published data are lacking, especially in a large national sample. Not only obesity, but also changes in the whole distribution of body adiposity levels are worthwhile to study. Indeed, the increase in prevalence of thinness is also of concern in industrialized countries, especially in young girls. 6 Actually, means or medians provide incomplete information if overweight and thinness are increasing simultaneously.
Our objective was to assess the frequency of obesity, overweight and thinness in 7 -9-y-old French children. Available data in France are often based on the body mass index (BMI) but studies use various reference populations and cut-offs. Frequencies will be assessed using the most frequently used BMI references in order to allow valuable comparisons with other studies.
Methods

Subjects
The study was conducted in collaboration with the French Ministry of Education from May to July 2000. It was based on the protocol proposed by the European Childhood Obesity Group (ECOG). 7 The study was performed in a random sample of 7 -9-y-old children. This age range was chosen for practical and physiological reasons. By age 6 y the adiposity rebound occurs, following the nadir of the BMI curve. 8 Before this age, most individual BMI curves run across BMI ranges. After this age, obesity has a better predictive value of the adiposity status in later childhood and adulthood. 8 -10 In addition, this age range is probably a favourable period for prevention strategies and then deserves particular interest. At puberty, behavioural and physiological factors may introduce confounding effects (pubertal stage, dieting, eating disorders, etc) for intervention and data analysis. Finally, schooling is obligatory in France and nearly all 7 -9-y-old children attend the two elementary levels in primary schools.
First, primary schools were randomly selected by the physicians responsible of the administrative school districts. In each school selected, the medical team randomly selected one class out of the two elementary grades. If the selected class included less than 25 children, then more children from the other classes were randomly selected in order to obtain measurements in 25 children.
Measurements
In each school, a nurse or a physician collected information on age and gender and performed anthropometric measurements using a standardized procedure.
11 Detailed instructions for anthropometric measurements were provided as follows: anthropometric measurements were performed in lightly dressed children, without shoes, preferably in the morning; height was measured with the child standing up, weight being equally distributed on the two feet, and head, back and buttock on the vertical land of the height gauge; weight was measured on the scale available in the school, ie an electronic scale with a precision of 100 g or a mechanic scale. Information was also obtained about arm, waist and hip circumferences, but these data are not presented here. A complementary questionnaire was completed by the parents. 7 It included information on their own anthropometric data, age, occupation and education level. Data about early feeding and growth of the child were also collected from the child's health booklet. These data will be presented in a forthcoming paper. Consent for the participation of the child was obtained from the parents.
Statistics
Statistical analyses were performed in children from the two selected elementary school levels and with complete information on age, school level, weight and height. Children aged < 7.0 y and 10.0 y were excluded. The BMI, computed as weight in kg divided by height in m 2 , was used for the classification of the children as thin, overweight (including obese) or obese. Four BMI references were used in order to classify the children: (1) the French references, 12 published in 1991, which have been used in previous studies conducted in various countries, including France, and therefore allow various comparisons and the assessment of secular trends; (2) the references computed on the basis of the data set collected by the NHANES I survey (1971 -1974) , published by Must et al in 1991, 13 recommended by the World Health Organization (WHO) for adolescents aged 9 -24 y, 11 but available from the age of 6 y; (3) the references proposed in 2000 by the International Obesity Task Force (IOTF) 14 based on data from six countries; and (4) those recently provided by the Centers for Disease Control.
15 Table 1 presents the respective BMI values of the centiles currently used as cut-off for defining obesity, overweight and thinness. The French references only provide cut-offs to define overweight (97th percentile) and thinness (3rd percentile). According to the WHO recommendations for adolescents, overweight including obesity, and obesity were defined here by the 85th and 95th percentiles of the Must et al references and thinness was defined by the 5th percentile. 11 The IOTF provides cut-offs values based on percentiles passing through Prevalence of childhood obesity in France M-F Rolland-Cachera et al BMI 25 kg=m 2 (C25) or 30 kg=m 2 (C30) at age 18 to define overweight and obesity respectively. Based on the CDC references, overweight including obesity and obesity were defined by the 85th and 95th percentiles, respectively, and thinness by the 5th percentile. Three classes of age were defined as follows: 7 y old (7.0 -7.9 y), 8 y old (8.0 -8.9 y) and 9 y old (9.0 -9.9 y). The cut-offs selected for each reference were those corresponding to the mid-year value, ie the cutoff at age 7.5 for the age range 7 y, 8.5 for the age range 8 y and 9.5 for the age range 9 y.
Quantitative data are presented as means with standard deviations in parentheses, interquartile range and median and qualitative data are given as percentages. Overall frequencies of thinness, overweight and obesity were computed by using direct standardization on age and gender according to the national census performed in 1999 (available from: www.recensement.insee.fr/). Comparisons of frequencies between age classes or between gender were performed using Mantel -Haenszel chi-square.
Results
Of the 1627 children from the two elementary school levels included in the study, 20 observations were eliminated because of incomplete data (anthropometry: n ¼ 17; date of birth: n ¼ 3) and 25 because children were not in the age range of the protocol. Finally, analyses were performed in 1582 children (97.2% of the initial sample) from 70 schools. The sample included 796 girls (50.3%) and 786 boys (49.7%). Given the method of enrolment (selection by school level, not by age of children), numbers in age classes were not balanced: the 7-y-old class included 32% of children (31.8% girls and 31.7% boys), the 8-y-old class, 50% (50.4% girls and 49.0% boys) and the 9-y-old class, 18% (17.8% girls and 19.3% boys). Anthropometric characteristics of the sample (height, weight and BMI) are presented according to sex and age in Table 2 . While means and quartiles increased regularly by age for height and weight, no such clear trend appeared for BMI.
Age-and gender-standardized frequencies of obesity, overweight including obesity, normal weight and thinness, estimated according to the four references, are presented in Figure 1 . Age-standardized frequencies estimated in girls and boys separately are shown in Figures 2 and 3 , respectively.
Frequencies of weight status categories (obese, overweight including obese, thin) are given by reference, gender and age in Table 3 . For overweight (including obesity) frequencies, no gender difference existed, except using the French references in 8-y-old children (12.7% for boys vs 18.7% for girls, P ¼ 0.02). Through age classes, according to the Must et al references, a decrease was observed between 28.5% in 7-y-old girls and 18.3% in 9-y-old girls (P ¼ 0.02) and between 28.5% in 7-y-old boys and 21.7% in 9-y-old boys (P ¼ 0.11). The CDC estimations showed a decrease from 25.3% in 7-y-old boys to 20.4% in 9-y-old boys (P ¼ 0.22). Using the IOTF or French references, variations with age were not consistent. In both cases, the highest values were observed in 8-y-old girls and the lowest in 8-y-old boys. For obesity, no gender differences were observed whatever the age group and the reference used. A trend for decreasing frequency of obesity through age classes was observed in boys and girls, but it did not reach statistical significance.
Whatever the reference used, mean thinness frequency was higher than the expected frequencies of 3% (French references) or 5% (US references). Frequencies did not differ significantly between boys and girls in each age class. Through age classes, thinness frequency increased in both boys and girls (Table 3) . For example, according to the French references, frequency of thinness was 2.4% in 7-y-old Prevalence of childhood obesity in France M-F Rolland-Cachera et al girls and 5.6% in 9-y-old girls (P ¼ 0.11). It was 2.4% in 7-yold boys and 5.9% in 9-y-old boys (P ¼ 0.07). Differences in the frequencies of thinness between age groups reached statistical significance when using the Must et al references (P ¼ 0.001 in girls and 0.006 in boys). Whatever the reference used, the highest values were recorded for the 9-y-old group. They reached 5.9% (French reference) and 7.9% (CDC references) in boys and 11.3% in girls (Must et al references).
Discussion
This study, conducted in 2000 in 7 -9-y-old French children, supports the previously reported high frequencies of overweight and obesity in Western Europe. Frequencies of overweight and obesity were computed according to four references. Our aim was to provide figures to allow comparisons between studies. The estimated frequencies of overweight including obesity varied from 16% according to the 97th percentile of the Age classes were defined as follows: 7 y (7.0 -7.9 y old); 8 y (8.0 -8.9 y old); and 9 y (9.0 -9.9 y old).
Figure 1
Age-and sex-standardized frequencies of obesity, overweight, normal range and thinness in 7 -9-y-old girls and boys, assessed on the basis of four references, in France in 2000 (n ¼ 1582). Cut-off values are given in Table 1 . Table 1 .
Prevalence of childhood obesity in France M-F Rolland-Cachera et al 16 we systematically recorded the highest estimations using the American references (Must et al and CDC). Differences between total overweight prevalence mainly accounts for the contribution of obesity which was estimated at between 3.8 (IOTF) to 6.4% (CDC) and 9.3% (Must et al), while overweight-non obese estimations were comparable (14.3, 14.2 and 14.6%, respectively). Differences in frequencies are mainly explained by the choice of cut-offs. They are also related to other factors. Reference populations differed by the date of collection of the data, the country of origin, the study design and the smoothing method used. The French references are based on longitudinal data collected from 1953 -1960 to 1979 for the last included. 12 The Must et al references use cross-sectional data collected in USA in 1971 -1974, 13 while the CDC references are also based on US data collected in the US in 1963 -1965 and in 1976 -1980 . 15 In order to establish the IOTF references, pooled analysis was performed from cross-sectional data collected in six countries, mostly during the 1980s.
14 The French, IOTF and CDC references used the LMS method, 17 while Must et al used a locally weighed regression scatter-plot smoothing method. 13 The important differences observed for the prevalence estimations stress the need to give precise information on the references used when prevalence data are quoted.
In France, the previously published studies using the French references have generally been conducted at a regional level and in different age ranges. In 1993, the frequency of overweight including obesity was estimated to be 10% in 5 -12-y-old children from the north of France. 18 A study Figure 3 Age-standardized frequencies of obesity, overweight, normal range and thinness in 7 -9-y-old boys assessed on the basis of four references, in France in 2000 (n ¼ 786). Cut-off values are given in Table 1 . Prevalence of childhood obesity in France M-F Rolland-Cachera et al conducted in 1996 in 10-y-old children from the westerncentral part of France 19 showed a prevalence of overweight including obesity of 12.5%. Although not directly comparable, the 16% overweight reported here in 2000 suggests a steep recent increase.
The recently published data by Flegal et al allow a comparison between American and French patterns of overweight and obesity, although age ranges are slightly different. 16 According to the IOTF references, overweight including obesity was 12.5% in boys in the NHANES II data set (1976 -1980 ) and 18.3% in boys in the NHANES III study (1988 -1994) . The estimations for obesity were 3.4 and 7.7%, respectively. The frequencies of overweight (17.9%) including obesity (3.9%) in France in 2000 were similar to the US values recorded in the late 1980s, while obesity frequency was close to the US value recorded in the late 1970s. The comparison also shows that, in the US, obesity contributes to a larger proportion of total overweight than in France, implying a different history of the epidemy in these countries.
For comparison with other observations in western Europe, we screened the literature to identify studies using the BMI as the anthropometric indicator and at least one of the references used here, as recently as possible, and performed in large samples. In Switzerland, 20 a national study conducted in 1999 in school children showed higher prevalences of overweight and obesity than in the present study: in 6 -8-y-old Swiss children, the frequency of overweight including obesity, defined as the 85th percentile of the Must et al data, was 27.4% in boys and 27.2% in girls; these values were 24.7 and 23.2% in 7 -9-y-old children in our study. According to the 95th percentile of the Must et al references, obesity prevalence was 16.3% in 6 -8-y-old Swiss boys and 12.6% in girls, while in 7 -9-y-old French children, these values were 9.6 and 9.1%, respectively. Although the data are not strictly comparable because of different age ranges, these results suggest that overweight and obesity are more frequent in Switzerland than in France. In the UK, the prevalence of overweight including obesity defined by the C25 of the IOTF reference was 9.0% in 7 -8-y-old boys and 12.5% in girls of the same age in 1994. 21 These values are lower than in our more recent study where age-standardized frequencies of overweight including obesity, according to the same IOTF references, were 17.6% in 7 -8-y-old boys and 19.0% in girls. The difference could be explained by the time difference between the two studies. In 1995 in Jena (former East Germany), 4 the frequency of overweight defined by the 97th percentile of the French references was 10% in 7-y-old boys, 1% in 8-y-old boys and 10% in 9-y-old boys and 15, 12 and 10% in girls, respectively. These estimations were lower than in the present French study, but the German study was performed in a different socio-economic background and 5 y earlier.
While extensive data are available on frequencies of childhood obesity and overweight, very few publications report frequencies of thinness in developped countries. Perhaps, the increasing prevalence by age observed in our study can be explained by the trend of advanced maturation previously described. 22 In the oldest age groups more children, than in the past might have already started the growth spurt. During this period, some may have gained more height than weight, thus increasing the prevalence of thinness. Environmental factors such as more intensive sport in some children, particularly boys, and watching their body weight in girls, may also start at this time and be more common in 9-y-old children than in the younger age groups.
While the French National Programme of Nutrition and Health is beginning, the present study provides information on the current weight status of French children. The frequencies observed here are much lower than those observed in the US but comparable to those reported in western Europe. The estimated frequencies of thinness that affect older children more often, also underlines the need for the surveillance of this category. Other studies are currently conducted in other age groups and will be carried out every 3 y: they will provide information on the trends in weight status of children, following the Public Health actions implemented in France. In addition, thanks to the recent consensus on the definition of childhood obesity, the present data can constitute a basis for comparisons between countries, particularly those where comparable study protocols are conducted.
